INTRODUCTION
After having been the main product of Brazilian exports for many years, coffee began to lose its relative importance, mainly due to the growth in the export of industrialized products (BLISKA et al., 2009) . In 2015, coffee accounted for 7% of Brazil's agribusiness exports, ranking fifth in the nation with a total revenue of US$ 6.16 billion, which is equivalent to 37.1 million bags of 60kg each (REIS, 2015) .
According to the data from the Instituto de Economia Agrícola (IEA, 2017) , coffee crops cover an area of 209.8 thousand hectares with an expected harvest of 4.3 million 60kg bags in 2016-2017 in the state of São Paulo, which is the second largest coffee producing state in Brazil, accounting for 14.1% of the national production. Turco et al. Coffee production occupies the sixth position in the Valor da Produção Agrícola (VAP) in São Paulo, with a total value of R$ 2.940 billion in 2016, a 61.6% increase from the previous year (SILVA et al., 2017) . According to the author, average price received by state producers in 2016 was R$ 484.36 per 60kg bag.
Fluctuation of the price of coffee bag and the gradual increase in the costs of chemical inputs are factors which have caused loss of profitability in coffee production in the recent years. In the last decade, new technologies and new processes have been introduced in the production process with an aim to avoid a decline in profitability by increasing the quality of grains and the productivity of coffee plantations.
Among the main periods of technological growth in coffee production, the period 1990-2000 witnessed a large increase in the use of irrigation, thus enabling cultivation of coffee in several regions of Brazil and boosting production in regions with water shortage.
In addition to the increase in the productivity, the use of irrigation systems can increase the efficiency and reduce the risks of input use, besides contributing towards a better quality of the drink, and reducing the risks of production losses (KARASAWA et al., 2002; MARTINS et al., 2007) .
Therefore, the objective of this study was to conduct an economic analysis of the conventional and drip irrigation coffee production systems. This study contributed towards the understanding of productive dynamics, especially due to the distinct results of the analyses of these systems.
MATERIALS AND METHODS
Marília's Rural Development Office (RDO) is the third coffee producing region in the state of São Paulo, covering 12.5% or 24,552 hectares of the area. The estimated production for the agricultural year 2016-2017 is 519.5 thousand 60 kg-bags (IEA, 2017) . In 2015, the regional gross production value was R$ 249 million (SILVA et al., 2016) . In this study, five properties located in Marília's RDO in the municipalities of Vera Cruz, Gália, and Garça were analysed (Table 1) . A questionnaire for obtaining data regarding the production system was adopted. The field survey was carried out in the period 2012-2015.
Data were collected on the operations being carried out and the inputs used in each one of them, including agricultural machinery and the consumption of fuels, oils, lubricants, greases, gas, and electric energy. These technical coefficients were quantified with respect to the harvest in the period 2012-2015. Values of the physical quantities of the inputs refer to the average of the properties studied in their respective production systems for one hectare of the crop and the prices paid by the producer for the inputs, expressed in Reais.
Expenses of production cost were obtained with coffee growers or the service providers, when it is appropriate, thus effectively representing the value of the operations during the harvesting and postharvesting periods.
The concept used by MELLO et al. (1988) was adopted for the elaboration of the technical Table 1 -Characteristics of conventional and irrigated coffee producers. coefficient matrices of the production systems, which define a production system as the an amalgamation of management and agricultural techniques culturally carried out in a more or less homogeneous way by representative groups of producer. MATSUNAGA et al. (1976) and MARTIN et al. (1998) developed a methodology for the estimation of the operational costs of production, where: -Effective operational cost (EOC) is the cost incurred on machinery and equipment operations and labour and materials consumed throughout the production process; -Total operating cost (TOC) is the effective operating cost plus depreciation of machines, direct social charges (40% of the permanent labour cost), contribution to rural social security (CSSR) (2.3% of the gross income), and interest at a rate of 8.75% per annum.
The linear depreciation method was adopted in this study, which computed the depreciation based on the initial value, duration, and final value of the good, as expressed by the formula below. D = (Vi -Vf) / n where D is the depreciation per hour, Vi is the initial value (purchase price in R$, regardless of the good being new or used), Vf is the final value (or scrap in R$), and n is the useful life in terms of number of hours.
Profitability indicators estimated in this study following MARTIN et al. (1998) were: a) Gross Revenue (GR): The expected revenue per hectare for a predetermined sales price, given by GR = I X Up where GR is the gross income, I is the income per unit area (bag/ha), and Up is the unit price (R$/bag); b) Operating profit (OP): The difference between the gross income and total operating cost (TOC) per hectare, given by OP = GR-TOC where OP is the operating profit, GR is the gross income, and TOC is the total operating cost.
The OP indicator measures the profitability of the activity in the short term, thus indicating the financial and operating conditions of the activity; c) Profitability Index (PI): The ratio of operating profit to gross income as a percentage. It is an important measure of the profitability of agricultural activity, as it indicates the available rate of revenue generation, after the payment of all operating costs, charges, and so on, including depreciation. It is given by PI = (OP / GR) * 100 where PI is the profitability index, OP is the operating profit, and GR is the gross income.
RESULTS AND DISCUSSION

Characterization of properties
The surveyed properties have an average cultivated area of 140 hectares, which are divided into an average of 4.000 coffee plants per hectare. The most cultivated varieties of coffee are Obatã, Mundo Novo, and Ouro Verde. Selection of these varieties is based on the maturation time of the fruit, which is an important characteristic that facilitates the management of the harvest (GUERREIRO et al., 2006) .
The spacings used are mostly around 4.00x1.50m and 3.30x0.65m in a semi-density system. Producers acquire certain inputs, such as fertilizers and pesticides at the market value of the day, in exchange of 60kg bags of coffee benefited.
Both the production systems are characterized by techniques related to cultural practices, especially in the case of the irrigated production system during the harvesting and postharvesting periods.
Production cost
Total operational cost of conventional coffee production in 2012 was R$ 8,230.80, which is the lowest recorded value (Table 2) . It rose to R$ 8,600.57 in 2014 and peaked in 2015 at R$ 10,248.16. Input items in the total operational cost indicated the highest amount disbursed by the producer. Among them, fertilizers and micronutrients comprised the largest share of the effective operating costs in the four study periods. The use of machines and equipment in the conventional system was the second most important item in terms of disbursement made by the producers.
Effective operating costs in the irrigated production system (Table 3) indicated that the use of machines and equipment for harvesting was the most expensive item in the four study periods, followed by fertilizers. The highest value, R$ 11,934.48, was recorded in 2015. In 2014, the total operating cost was R$ 11,732.52. Thus, the irrigated production system indicated a decrease in production. The lowest cost in the four years of the study was observed in 2013.
By comparing the two production systems, it can be observed that the cost of labour in the period 2012-2015 was the lowest in the conventional production system, while it was relatively higher in the irrigated production system. Harvesting is the most costly phase of both systems.
By analysing the percentage composition of effective operating costs (Figure 1) , it can be verified that the share of costs incurred on machines and equipment, which is above 41%, was higher in the irrigated production system in all the four study periods, even when it fell in 2012. The second most expensive item in the irrigated production system is the inputs, which accounts for more than 35% in all four the study periods. Turco et al. In conventional coffee production system, expenses on fertilizers and micronutrients required the largest disbursements by the producer. The share of this cost was over 51% of the effective operating cost in 2012, while it was above 41% in the other analyzed years of the study period. Cost of machines and equipment accounted for over 29% in all periods. Another item, pesticides, accounted for a large share in the conventional production system vis-à-vis the irrigated production system. Although, the cost of implementing an irrigation system is high, its maintenance and use do not make up a significant share of the production cost. Costs incurred on irrigation include the consumption of electricity and labour, the hourly cost of hydraulic pumps, as well as the grant fee of R$ 100.70 paid by the producers every year. Its highest share in production cost was 4% in 2015, while its lowest share was 2.3% in 2013 (Figure 1) . Irrigation, together with soluble and micronutrient fertilizers in water, induced an average productivity increase of 10.4 60kg coffee bags as compared to the conventional coffee production in the period 2012-2015.
The use of drip irrigation along with fertilizers leads to the best use of nutrients by plants, thus favouring the development of their productive potential, which boosts productivity in turn.
Profitability
The analysis of the profitability indicators for coffee cultivation (Table 4) , that is, the technologies, productivity gained, and prices received, were positive for both systems in 2012, 2013, and 2015, thus presenting gross income which provides the remuneration of the incurred costs. Values of the operating profit and the profitability index obtained indicated a margin that can compensate for other costs that are not accounted for in this analysis, such as the producer's remuneration.
The gross revenue generated in 2014 was not sufficient to cover all the expenses incurred in the production process. Negative values of operating profit and profitability index of the current year indicate that, in addition to not covering the aforementioned costs, profits do not present a positive margin to cover other production costs. Low values are related to the price of the 60kg coffee bag, which was lower during that year in comparison to other years. These low values are linked to the classification obtained by the coffee sample of the producers who were surveyed.
Gross revenues of 2015 were higher in the case of the irrigated production system, reaching R$ 23,523.19, while the conventional system reached R$ 18,584.34. The best profitability index was recorded -------------------------------------------------------------------------Machines and equipment------------------------------------------------------------- Source: Search data.
1 Contribution of rural social security (2.3% of gross income).
in 2015, which was 49.7% for the irrigated production system and 44.8% for the conventional system. Losses occurred in 2014 due to the drought that was accompanied by low production, were the main reason for the low economic performance of both systems and the lower price per 60kg bag faced by the producer. However, these data need to be carefully analyzed, as prices faced by farmers in 2013 and 2014 were lower than those in 2012 and 2015. The severe drought of 2014 led to the rise in the price of coffee, which is determined in the international market, in 2015.
A study by SCALCO et al. (2012) gave supports to the research data, which indicated that the use of an irrigation system increases the production of coffee, which in turn increased profitability.
CONCLUSION
The best option for the producers of the studied region is the drip irrigation system, as it reduces the risks of production loss in prolonged periods of water shortage and ensures a higher yield of grains.
Analysis of economic indicators verified that the costs with on inputs, which accounted for 34.5% of the production costs, encumbered the conventional coffee production system the most. This is followed by the use of machines and equipment, which accounted for 29.1% of the production costs, and the use of pesticides at 11.2%. As regards the irrigated production system, the items with the highest share in the production costs were machines and equipment used mainly for harvesting, which accounted for 39.5%, followed by inputs, which accounted for 35.4%.
Analysis of the production costs also revealed that the use of an irrigation system does not increase the costs incurred on coffee production, besides the initial cost. The use of this technology can mitigate production risks related to water shortage, such as the drought of 2014.
Evaluation of the profitability indicators indicated that the operating profit and the profitability index were negative in 2014 in both the systems, with the irrigated production system indicating relatively lower figures. The irrigated production system indicated a higher production than the conventional system in the following harvest, thus indicating better recovery due to the use of irrigation and fertigation.
Gross revenues of both the systems in 2015 were higher. It should be noted that the 2015 prices, determined on the basis of the international market, incorporated the fall in production resulting from the severe drought that occurred in 2014, thus leading to a better remuneration for the producer.
These results are limited to the producers who were studied. Results of the economic analyses vary greatly with the production units. Regionally, beyond the individual characteristics, edaphoclimatic conditions, altitude, and variety adaptation, among other variables, play a role as well. Further, economic analysis provides management with strategic information, greatly underpinning its usefulness in coffee farms.
